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Description

Field of Invention

[0001 ] This invention relates to bonding methods em-

ploying thermoplastic adhesive polymers to produce

electroconductive bonds for use in iontophorelic devic-

es. More specifically, the present invention relates to the

utilization of a hot melt polymer for the production of an

iontophoretic electrode, where the polymer has two

functions: (a) it provides adhesion between the electrical

components and (b) establishes an electronic intercon-

nection between the conductive lead and the conductive

printed trace; without the thermoplastic adhesive poly-

mer itself having any conductive properties.

Bacicground of invention

[0002] Iontophoretic drug delivery systems, have, in

recent years, become an increasingly important means

of administering drugs.

[0003] Presently there are two types of transdermal

drug delivery systems, i.e., passive and iontophoretic.

Passive patch systems deliver small and relatively li-

pophilic drugs through the skin of the patient by diffu-

sion, an example of which would involve the through the

skin of the patient by diffusion, an example of which

would involve the application of a narcotic analgesic

patch to provide pain relief. Iontophoresis systems, on

the other hand, deliver drug through the skin of the pa-

tient through the application of an electromotive force

(iontophoresis) to drive ionizable substances (medica-

ment) into the skin so that they can be absorbed by ad-

jacent tissues and blood vessels. Iontophoresis, there-

fore, allows charged and hydrophilic drugs to be trans-

ported across the skin which are poorly deliverable

through passive diffusion. Transdermal systems offer

advantages clearly not achievable by other modes of

administration, such as hypodermic injection which has

the associated problem of pain, risk of infection and trau-

ma to the patient. Iontophoresis also has advantages

over oral administration in that introduction of the drug

through the gastrointestinal tract may result In inactiva-

tion of the medicament, food interactions, first pass he-

patic metabolism and gastrointestinal side effects.

[0004] Conventional iontophoretic devices, such as

those described in U.S. Patent Nos. 4.820,263 (Spevak,

et al.), 4,927,408 (Haak, et al.) and 5,084.008 (Phipps),

the disclosures of which are hereby incorporated by ref-

erence, provide for delivery of a drug or medicament

transdermally through iontophoresis. Basically, conven-

tional iontophoretic devfces consist of a power source

connected to two electrodes, an anode and a cathode,

which are individually in ionic contact with an electrolyte

or drug resen/oir which is in contact with the skin to be

treated by the iontophoretic device. When the current is

turned on, electrical energy is used to assist in the trans-

port of ionic molecules into the body through the skin,

via ionk; conductbn.

[0005] In the recent past, electrically conductive print-

ed traces have been used within an iontophoretic device

to make the necessary electrical connections. Conduc-

5 live adhesives were used for making the electrical con-

nection. The adhesives used for electronic interconnec-

tion bonding known in the art prior to the present inven-

tion, was comprised of epoxy and pressure sensitive ad-

hesives. The starting points for making epoxy adhesives

10 are fluid viscous low molecular prepolymer materials ob-

tained either as single component or two component

compositions. In the prior art where a conductive addi-

tive filler is used, the filler must be incorporated before

curing occurs. The addition of a conductive filler will in-

is crease the viscosity of the prepolymer and if the filler

concentration is too high, the epoxy prepolymer-filler

mix will be difficuH if not impossible to apply. Therefore

the selection of the filler is limited to the most highly con-

ducting and coincidentally, the expensive materials, e.

20 g. silver powder, and even then it may not be possible

to incorporate sufficient conducting filler to accomplish

its purpose. Once the conductive filler epoxy is formed

and cured, the epoxy is irreversibly themnoset and is not

being used In remelting and resealing operations. It is

zs incapable of bonding to a new surface and therefore

could not be used in assembly of a device with the con-

ductive adhesive in dry form mostly because once dried

or cured it could not be remelted or recurred. Further

disadvantages of epoxies in addition to the high cost.

30 are slow curing time, toxicity of the prepolymers and

possible vapor release or outgassing during curing, they

could not be used in high speed manufacturing due to

long cure times and due to their liquid form there were

problems with using conventtonal coating techniques.

3S [OOOS] In the case of epoxy, a one ortwo part per pol-

ymer containing conductive fillers are cured in place to

form the conductive pathway and adhesive bond. Epox-

ies are relatively slow curing and not amenable to con-

tinuous processing. The adhesives themselves are wet

40 or sticky and consist of an intimate mixture of an adhe-

sive polymer (or prepofymer) with a finely divided con-

ductive filler dispersed therein. In this way both conduc-

tion and bonding are achieved at the same time. How-

ever, the prtor art methods have serious disadvantages,

45 namely, the wetness or tackiness of the epoxy adhesive

even once applied and until cured; also, the toxicity of

the epoxy itself is a disadvantage as well as the pres-

ence of solvent in the epoxy and the outgassing or evap-

oration of the solvent during curing.

so [0007] Pressure sensitive adhesives tend to retain

solvents which results in residual solvent evaporation,

outgassing. Pressure sensitive adhesives are applied in

thin layers which produce weak bonds especially when

attempting to bond to a metal mesh. Costs are high and

55 the efficiency of the conductive component is low result-

ing in poor electrical conductivity. PrkJr art conductive

adhesives also had other manufacturing and application

problems. For example, they resulted In outgassing and

2
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they could not be used in high speed manufacturing due

to long cure times. Due to their liquid form there were

problems with using conventional coating techniques

and they could not be used in assembly of a device with

the conductive adhesive in dry form mostly because

once dried or cured they could not be remelled or re-

curred.

[0008] These difficulties and shortcomings have led

Applicants to the present invention which overcomes

these difficulties and shortcomings.

Summary of the Invention

[0009] The invention relates to bonding methods em-
ploying adhesive polymers to produce electronic inter-

connection and strong mechanical bonding for use in

iontophoretic devices. More specifically, the present in-

vention relates to the utilization of a hot melt adhesive

plastic, free of polymer solvents for the production of an

iontophoretic electrode, where the polymer has two

functions: (a) it provides adhesion between the external

conducting electrical lead and the iontophoretic elec-

trode-containing resen/oir structure and (b) establishes

an electronic interconnection between the two; without

the polymer itself being conductive.

[0010] An object of the present invention is to provide

a composition capable of Instantly mechanically bond-

ing the external electrode lead of an Iontophoretic de-

vice to a conductive printed trace and maintaining a

good electrical connection therewith.

[0011] Another object of the present invention is to

provide a composition capable of instantly forming both

a mechanical and electrical bond with a conductive

printed trace using conventional coating or dispensing

technologies.

[0012] Another object of the present invention is to

provide a thermoplastic polymer composition free of sol-

vents, and optionally containing one or more conductive

fillers, which composition is capable of being melted to

a molten state and applied and cooled to produce a dry

solidified polymer spot of controlled size and weight on
to either the electrode or the conductive printed trace

prior to assembly.

[0013] Another object of the present inventbn is to

provide a composition which has no problems with out-

gassing.

[0014] Another object of the present invention is to

provide a composition which uses low pressure and low

temperature processing.

[0015] Another object of the present invention is to

provide a composition which results in high speed for-

mation of bonds.

[0016] Another object of the present invention is to

provide a composition which can be used in the assem-
bly steps initially in a solid polymer form, which can be
repeatedly melted and resolidified.

[0017] Another object of the present invention is to

provide a composition for low cost processing.

Description of the Figure

Figure 1 depicts an embodiment of the device of the

present invention.

5

Detailed Description

[001 8] The present invention relates to a novel meth-

od and composition for forming a bond between a con-
10 ductive metal lead and a conductive printed trace in an

iontophoretic drug delivery system. The invention is

based on the concept of selecting a thermoplastic ad-

hesive polymer which exhibits high flow under the con-

ditions used for sealing the conductive lead to the con-
75 ductive printed trace.

[0019] The conductive lead can be a metal mesh, wo-
ven wire, metallic ribbon, expanded foil, or the like. Also

it is anticipated by the present invention that the metallic

materials may have a raised or depressed surface or

20 surface portion which would permit direct contact be-

tween the conductive lead and the conductive printed

trace and provide surfaces on both sides for the ther-

moplastic polymer to adhere to each. Under the mild

pressure and temperature condit'ions used to make the

25 seal, the adhesive polymer flows readily, allowing the

portions of the conductive lead and the conductive trac-

es to mechanically and electronically interconnect.

Once the conductive mesh and conductive trace are

pressed into direct contact, the resulting bond has low

30 electric resistance and forms a good mechanical bond.

Concurrently the adhesive polymer is also in direct con-

tact with areas of the printed trace which are not touched

by the strands of the open metal mesh and are therefore

exposed to the polymer. Sufficient adhesive polymer is

35 used so that it will fill the pores of the open mesh and

also adhere to the sides and even the top surfaces of

the strands when the seal is made.

[0020] The adhesive polymer thus performs the fol-

lowing functions: (a) it seals the metal mesh into a po-

40 sition which is in direct contact with the conductive trace,

(b) it adheres strongly to the trace and (c) it bonds
strongly to the metal lead or mesh and establishes an

electrically conductive pathway between the conductive

printed trace and the conductive lead. Preferably, the

45 adhesive polymer itself is not conductive. The final effect

is to produce a physically strong bond having good elec-

trical conductivity which is unaffected by mechanical

stress.

[0021] In one embodiment of the invention, one or

50 more conductive fillers are combined with the adhesive

polymer prior to forming the seal. Conductive fillers may
be. by way of example and not limitation, vanadium,

platinum, palladium, chromium, magnesium, nickel, car-

bon black, graphite, aluminum, titanium, silver, copper,

55 conductive organic polymers and mixtures thereof.

[0022] A particular advantage is that the composition

is heat resealable, the composition can be repeatedly

melted and solidified.
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[0023] However, it should be noted that at high con-

centrations ot conductive filler the melt viscosity of the

loaded prepolymer will increase to the point where flow

is severely Innpaired and heat resealability will be lost.

Since the effect on viscosity is dependent upon the vol-

.

ume fraction of the conductive filler vs. the total volume

of the film, therefore, the density of the conductive filler

directly effects the conductive filler concentralbn which

is optimal. Logically lower density conductive fillers such

as carbon black or graphite, a high volume fraction is

easily reached at lower weight concentrations ( as op-

posed to a high density conductive filler such as silver).

The advantage of using a lower density conductive filler

is that conductivity which is based on the degree of par-

ticle to particle contact within the filler-prepolymer mix-

ture and conductivity can.be reached at lower loading

and cost.

[0024] The adhesive hot melt polymer can be applied

in a variety of different forms, with or without conductive

filler (a) as a water based or an inert organic dispersion

of microscopic polymer particles, (b) as fine particle size

powders used for use in air laying equipment, (c) In the

form of polymer sticks, chips, powders which are melted

then applied in a liquefied form with standard hot melt,

extruston or hot melt screen coating equipment, or (d)

as a molten polymer fluid which can be applied as indi-

vidual drops of desired thickness or by dipping,

[0025] Useful hot melt polymers which are un-

crosslinked, linear or branched polymers include, but

are not limited to, the polyamides. the polyesters, acryl-

ics, celluiosics, polyethers, vinylchloride, and a copoly-

mer of ethylene/vlnyl acetate (EVA) or mixtures thereof.

Particularly useful polymers are those whk:h will melt

and exhibit high flow at temperatures In the range of

from about 200* to about 370* F and rapidly solidified.

By way of example and not limitation, are EVA polymers

which have low melt viscosities in the range of from

about 1000 to about 2000 centipoise (cps) within the

temperature range cited.

[0026] Using standard commercial equipment such

polymers, optionally combined with one or more con-

ductive fillers, can be readily delivered as discrete mol-

ten drops in patterns designed to conform with the re-

quirements of the electrode. In an initial step, the drops

can be applied either to a continuous roll of the metai

mesh or the printed conducting trace. Preferably, at this

point, the drops would be flattened to a desired thick-

ness depending upon the thickness and size of the

opening in the conductive mesh. Once applied the pol-

ymer will solidify rapidly and the roll can be used imme-

diately in the next step of the manufacture or it can be

wound and stored for future processing. An important

and critk^al property of these polymers is that they can

be repeatedly melted and solidified. Therefore the dep-

osition step can be carried out in an off-machine oper-

ation and the coated mesh or printed trace can then be

used in a subsequent operation to produce the final ion-

tophoretic electrode. Thus either the mesh or the printed

trace, spotted with a pattern of discrete solidified poly-

mer droplets, optionally containing one or more conduc-

tive fillers, can be assembled with the conductive lead

and the manufacturing completed by re-heating and
5 remelting the droplet and pressing the printed trace and

conductive lead together to form the polymer bond be-

tween the conductive printed trace and the conductive

lead, in the alternative, the two steps can also be carried

out sequentially without interruption between polymer

10 deposition and final bonding.

[0027] When the adhesive polymer is employed in the

form of an aqueous or inert organic slurry of polymer

particles, optionally combined with one or more conduc-

tive fillers, it is applied to the trace by means of a coating

IS or printing screen which is capable of depositing con-

trolled amounts of nriaterial in a patterned form. Screens

delivering from about 25 to about 250 cnrr^of slurry per

square meter of the printed trace surface are most use-

ful. The deposited polymer is then dried and prefused

20 in an off machine operation. The treated trace is finally

assembled with the metal mesh and the two are fused

together to complete the operation.

[0028] Taking into account the conductive mesh size,

one of ordinary skill can choose the screen thickness

25 and the diameter and spacing of the holes necessary,

to vary the polymer deposit, in either a continuous coat-

ing or a pattern of individual spots of polymer. Either type

will produce strong bonds of good conductivity. A con-

tinuous coating Is produced by thicker screens with.

30 large diameter, closely spaced holes, particularly when

the viscosity of the printing paste is low. With higher vis-

cosity pastes and more widely spaced holes, individual

spots of polymer will be deposited, the pattern depend-

ing upon screen design.

35 [0029] In the case of continuous coatings, the heat

and pressure applied during the bonding step will still

result In low electrical resistance since the polymer flows

sufficiently to allow the conductive lead, e.g. the metal

mesh, to be forced into direct contact with the conduc-

40 tive printed trace and become bound in place after cool-

ing. When a coating of discrete spots of polymer Is de-

posited, contact between the metal mesh and the trace

occurs readily in the uncoated regions between the

spotted polymer, resulting in low resistance. Strong

4S bonding is obtained by having a sufficient anrount of pol-

ymer laid down in the spotted regions resulting in an-

choring of the conductive lead to the conductive (print-

ed) trace.

[0030] Preferably, to ensure strong mechanical bond,

so the polymer when applied should be applied to surface

areas beyond the electronic interconnection, most pref-

erably on to the substrate backing on to which the con-

ductive trace has been printed. Additionally, when great-

er mechanical strength is required, a fast drying adhe-

55 sive (i.e. Duco^" ), or a fast curing U.V. curable coating

is coated over the electrode already bound to the con-

ductive trace and the assembly is exposed to U.V. radi-

ation.
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[0031 ] When the polymer is used in a powdered form,

it may be applied to the printed trace with commerctatiy

available powder deposition equipment. The deposited

powder is then compacted and sealed in place by heat-

ing to its softening point and final assembly into an ion-

tophoretic electrode is carried out as before.

[0032] One embodiment of the present invention pro-

vides for an iontophoretic device for delivery of a drug

to a patient. The iontophoretic device has

(a) a current distributing member having an electri-

cally conductive lead which is mechanically con-

nected to an electronically conductive printed trace

through a thennoplastic polymer bond which results

in an electronic interconnection between the con-

ductive lead and conductive printed trace;

(b) an ionized substance reservoir containing an

ionized or ionizable substance, in electrical commu-
nication with the current distributing member and

adapted to be placed in ionic communication with

the epithelial surface;

(c) an electrolyte reservoir containing an electrolyte,

in electrical communication with an indifferent elec-

trode and in ionic communication with the epithelial

surface;

(d) an electrical power source in current delivering

connection with the current distribution member
and the electrolyte reservoir.

[0033] Another embodiment of the present invention

provides for a method of mechanically connecting an

electrically conductive lead to an electrically conductive

printed trace which mechanical connection results In

electronic interconnection between the conductive lead

and conductive printed trace, which involves the follow-

ing steps:

(a) depositing a thermoplastic polymer composition

between the printed trace and the conductive lead,

(b) applying heat and pressure to the thermoplastic

polymer composition to melt the thermoplastic pol-

ymer composition causing it to adhere to the lead

and the printed trace, while concurrently bringing

the printed trace and conductive lead into direct

electrical contact and

(c) cooling the thermoplastic polymer composition

to place the conductive lead and the printed trace

in electrical communication.

[0034] The method of the present invention may al-

ternatively be performed such that step (a) further in-

cludes the sub-steps of:

heating the deposited thermoplastic polymer com-

position to first melt the thermoplastic polymer com-
position on to the lead,

cooling the thermoplastic polymer composition, and

placing the thermoplastic polymer composition be-

tween the lead and the printed trace.

[0035] Another alternative with respect to the method
of the present invention would be one in which step (a)

5 as originally described above would further include the

sub-steps of:

heating the deposited thermoplastic polymer com-
position to first melt the thermoplastic polymer com-

10 position on to the printed trace,

cooling the therrrioplastlc polymer composition, and
placing the thermoplastic polymer composition be-

tween the lead and the printed trace.

75 [0036] Another embodiment of the present invention

provides for an electrode assembly. The electrode as-

sembly has a current distributing member having an
electrically conductive lead which is mechanically con-

nected to an electronically conductive printed trace

so through a thermoplastic polymer bond which results in

an electronic interconnection between the conductive

lead and conductive printed trace.

[0037] In addition, each of the embodiments of the

present invention may be carried out by combining one
25 or more conductive fillers with the thermoplastic poly-

mer.

[0038] The iontophoretic device of the present inven-

tion may by way of example and not limitation include

the following component and materials.

30

A, The Current Distributing Member (active

electrode)

[0039] The iontophorelic electrode of the invention in-

35 eludes a current distributing member which conveys

electrical current into the iontophoretic reservoirs for the

delivery of an ionized substance. The current distribut-

ing member Is constructed of any of a large variety of

electrically conductive materials, including both inert

40 and sacrificial materials.

[0040] Inert conductive materials are those electrical-

ly conductive materials which, when employed in the

iontophoretic devices of the invention, do not them-

selves undergo or participate in electrochemical reac-

^ tions. Thus, an inert material distributes current without

being eroded or depleted due to the distribution of cur-

rent, and conducts current through the generating Ions

by either reduction or oxidation of water. Inert conduc-

tive materials typically include, for example, stainless

so steel, platinum, gold, and carbon or graphite.

[0041] Alternatively, the current distributing member
may be constructed from a sacrificial conductive mate-

rial. A material may be considered sacrificial If, when
employed as an electrode in an Iontophoretic device of

ss the invention, the material is eroded or depleted due to

its oxidation or reduction. Such erosion or depletion oc-

curs when the materials and formulatbns used in the

iontophoresis device enable a specific electrochemical
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reaction, such as when a silver electrode is used with a

formulation containing oh toride Ions. In this situation, the

current distributing member would not cause electroly-

sis of water, but would itself be oxidized or reduced.

[0042] Typically, tor anodes, a sacrificial material

would include an oxidizable metal such as silver, zinc,

copper, etc. in contrast to the hydroxyl and hydronium

ions electrochemically generated via an inert material,

the ions electrochemically generated via a sacrificial

material would include metal cations resulting from ox-

idation of the metaL Metat/metat salt anodes may also

be employed. In such cases, the metal would oxidize to

metal ions, which would then be precipitated as an in-

soluble salt.

[0043] ,
For cathodes, the current distributing member

may be constructed from any electrically.conductive ma-
terial provided an appropriate electrolyte formulation is

provided. For example, the cathodic current distributing

member may be constructed from a metal/metal salt

material. A preferred cathodic material is a silver/silver

halide material. In such embodiments, a metal halide

salt is preferably employed as the electrolyte. In this

case, the device would electrochemically generate hal-

ide ions from the electrode as the metal is reduced. Also,

accompanying silver ions in a formulation would be re-

duced to silver metal and would deposit (plate) onto the

electrode. In other embodiments, the cathode material

may be an intercalation material, an amalgam, or other

material which can take electrolyte cations such as so-

dium out of solution, below the reduction potential of wa-

ter. In addition, other materials may be used which per-

mit the plating out of a metal from the appropriate elec-

trolyte solution. Thus, metals such as silver, copper,

zinc, and riickel, and other materials, such as carbon,

may be employed when an appropriate metal salt such

as silver nitrate or zinc sulfate is in solution in the elec-

trolyte reservoir While such materials may develop In-

creased resistivity as a metal plates out during use, they

are not eroded or depleted during use as cathodic cur-

rent distributing members. They are therefore not strictly

"sacrificial" in this context.

[0044] Additional types of materials useful as current

distributing members according to the invention are dis-

closed in detail in a co-pending application entitled Low-
Cost Electrodes for an lontophoretic Device, by V. Red-
dy et al., Serial No. 08 / 536, 029, filed on September

29, 1995, the disclosure of which is incorporated by ref-

erence herein.

[0045] The current distributing member may take any
form known in the art, such as the form of a plate, foil

layer, screen, wire, or dispersion of conductive particles

embedded in a conductive matrix.

B. The Electrolyte Reservoir

1. Electrohrtes

[0046] In the kjntophoretic devices of the invention,

an electrolyte reservoir is arranged in electrical commu-
nication with a current distributing member. Typically,

electrcal communication requires that electrons from

the current distributing member are exchanged with ions

5 in the electrolyte resen/oir upon the application of elec-

trical current. Such electrical communbation is prefera-

bly not impeded to any excessive degree by any inter-

vening material(s) used in the construction of the lonto-

phoretic device. In other words, the resistivity of the in-

10 terface is preferably low.

[0047] The electrolyte reservoir comprises at least

one electrolyte, i.e., an ionic or ionlzable component
which can act to supply ions for conducting a current

toward or away from the current distributing member.
15 Typically, the electrolyte comprises one or more mobile

ions, the selection of which is dependent upon the de-

sired application. Examples of suitable electrolytes in-

clude aqueous solutk^ns of salts. A preferred electrolyte

is an aqueous solution of NaCI, having a concentration

20 of less than 1 mole/liter (< 1 M), more preferably at about

physiological concentration. Other electrolytes include

salts of physiological ions including, but not limited to,

potassium, (K+), chloride (Cl-), and phosphate (PO4-).

The salt and its concentration may be selected as de-

25 sired for particular applications. Other species may be
selected by the skilled artisan for Inclusion in the elec-

trolyte reservoir. Such other resen/oir species Include,

without limitation, chelation agents (e.g., citrate ions,

EDTA) surfactants (e.g., non-ionic, cationic, or anionic),

30 buffers. Ionic excipients, osmolarity adjusters (e.g.. pol-

yethylene glycols, sugars), ionic antibiotics, penetration

enhancers (e.g., alkanols), stabilizers, enzyme inhibi-

tors, preservatives, thickening agents (e.g., acrylic ac-

ids, cellulosic resins, clays, polyoxyethylenes), and the

35 like.

[0048] Alternatively, the electrolyte may comprise a

material which is itself relatively immobile in the absence

of an electric field, but which acts to deliver mobile ions

in the presence of an electric field. In the latter case, the

40 electrolyte may more properly be termed an "ion source.

° Examples of ion sources according to the invention in-

clude polyelectrolytes, ion exchange membranes and

resins, non-ionic buffers which become bnic upon pH
change, and other known ion sources.

46 [0049] Alternatively, the electrolyte reservoir may
contain counterions that form a soluble salt with an elec-

trochemically generated ion. For example. In an appa-

ratus employing a silver anodal current distributing

member, a suitable counterion might be acetate or ni-

50 trate. Such counterions are useful when other means
are provided for sequestering electrochemically gener-

ated ions.

[0050] Thus, the electrolyte reservoir can provide at

least one ion of the same charge as the electrochemi-

55 cally generated ion. to pemntt current to be conducted,

and at least one oppositely charged Ion.

6
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C, The Ionized Substance (Otuq) Reservoir

[0051] The reservoir structure of the iontophoretic ap-

paratus of the invention further includes an ionized sub-

stance reservoir The ionized substance reservoir must
be in ionic communication with an epithelial surface.

[0052] The construction of the ionized substance res-

ervoir must be consistent with the requirements lor ionic

communication with the epithelial surface and electrical

communication with the current distribution member.
Accordingly, the structure of the Ionized substance res-

ervoir would vary, depending upon the desired applica-

tion. The ionized substance reservoir may include a liq-

uid, semi-liquid, semi-solid, or solid material. With a
flowable material, the ionized substance reservoir pref-

erably further comprises means for at least substantially

inhibiting the flow of the contents out of the reservoir. In

such situations, the flow of the contents is desirably min-

imized when the device is in storage. For example, a
membrane may be deployed to surround the contents

of the ionized substance reservoir. In certain situations

the flow of the contents of the resen/oir may be mini-

mized while in storage, but increased in use. For exam-
ple, a surrounding membrane may increase in porosity,

permeability, or conductivity upon the application of an
electric field across the membrane. Examples of such
membranes are disclosed in U.S. Patent Nos.

5.080.546; 5,169.382; and 5,232,438, the disclosures

of which are incorporated by reference herein.

[0053] In preferred embodiments, the ionized sub-

stance reservoir is constructed to retain its physical in-

tegrity and to inherently resist migration and loss of the

ionized substance. Such embodiments include those In

which the ionized substance reservoir includes a solid

or semi-solid material such as a gel or other polymeric

material. In an especially preferred embodiment, the

ionized substance reservoir comprises a polymeric film

in which the substance to be iontophoretically delivered

is dispersed. The mobility of the substance to be deliv-

ered is substantially increased by the application of the

electric field, permitting effective delivery across the tar-

get epithelial surface. In preferred embodiments, a
cross-linked hydrogel in the electrolyte resen^olr. be-

cause it inherently contains significant amounts of wa-
ter, can serve as a water reservoir during iontophoresis.

[0054] It may be desirable to provide the solution of

active ingredient with a buffer. The ton of the buffer of

like charge to the drug ion shouW have low ionic mobility.

The limiting ionic mobility of this ion is preferably no
greater that 1 X IQ-^ cm^/volt-sec.

[0055] Calcium ions have a strong affinity for certain

drugs, e.g., the bisphosphonates and, therefore, formu-

lation steps must be taken to avoid interaction of the

drug and residual amounts of calcium in the reservoir.

This may be achieved by the addition of agents capable
of chelating calcium such as citrate salts, EDTA and oth-

er like chemicals.

D, The lonizable Substance fPruq) for Iontophoretic
Delivery

[0056] An ionic drug can be delivered from either the

5 anode, the cathode, or both simultaneously. For exam-
ple, if the ionic substance to be driven into the body is

positively charged, then the positive electrode or anode
will be the active electrode and the negative electrode

or cathode will serve to complete the electrochemical

10 circuit. Alternatively, if the ionic substance to be deliv-

ered Is negatively charged, then the negative electrode

will be the active electrode and the positive electrode

will be the indifferent electrode. Since all bisphospho-

nates usually possess an overall negative charge at skin

15 pH, the preferred embodiments of the present invention

are directed to ionic drugs driven from the cathode of

the fonlophoretic device. However, it is to be understood
that an anodic configuration may be used to drive pos-

itive ly charged chemical modifications of the drug to be
20 delivered without departing from the spirit of the inven-

tion.

[0057] It is believed that this invention has utility in

connection with the delivery of active ingredients within

the broad class of bisphosphonates as well as chemical
25 modifications of bisphosphonates.

E. Protective Backing

[0058] The iontophoretic apparatus of the invention

30 may also include a suitable backing film positioned on
top of the electrolyte reservoir. The backing film provides

protection against contamination and damage to the

current distributing member, if present, and the electro-

lyte reservoir of the apparatus.

3S

R Release Liner

[0059] The iontophoretic apparatus of the invention

optionally includes a release liner which may fixed to the

"fo underside of the ionized substance reservoir by an ad-

hesive. The release liner protects the surface of the ion-

ized substance reservoir which contact the epithelial

surface from contamination and damage when the de-

vice is not in use. When the device is ready for use, the,

45 release liner may be peeled off to expose the epithelial

contacting surface of the ionized substance reservoir for

application of the device to a patient.

G. Indifferent Electrode
50

[0060] lontophoretk; devices require at least two elec-

trodes to provide a potential to drive drug ions into the

skin of a patient. Both electrodes are disposed to be in

Intimate electrical contact with the skin thereby complet-
es ing the electrocherriical circuit formed by the anode pad

and cathode pad of the iontophoretic device. The elec-

trode pads may be further defined as an active electrode

from which an ionic drug is delivered into the body. An
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indifferent or ground electrode serves to complete the

electrochemical circuit. Various types of electrodes may

be employed such as is described in United States ap-

plication entitled Low-Cost Electrodes tor an lonto-

phoretic Device ,
by Reddy et al., Serial No. 08/ 536.

029 filed September 29, 1995.

[0061] As depicted In Figure 1 an embodiment of the

iontophoretic device of this invention 40 is configured as

follows:

an anode patch 1 0, having an anode electrode com-

partment 11 in ionic communication with a skin con-

tacting compartment 1 3. The skin contacting com-

partment 1 3 and the anode electrode compartment

1 1 may be separated by a compartment separation

. means (membrane) 17. The anode electrode com-

partment 11 alsocontains an anode 14 and an elec-

trolyte (anolyte) 15. The skin contacting compart-

ment is attached to the patient's skin 36. A cathode

patch 20, having a cathode electrode compartment

21 in ionic communication with a skin contacting

compartment 23. The skin contacting compartment

23 and the cathode electrode compartment 21 may

be separated by a compartment separation means

(membrane) 27. The cathode electrode compart-

ment 21 also contains a cathode 24 and an electro-

lyte (catholyte) 25. The skin contacting compart-

ment is attached to the patient's skin 36.

Examples:

[0062] The following examples are presented by to

explain and exemplify the embodiments of the present

invention and are not intended to limit the scope of the

present invention.

Example 1 Ethylene Vinyl Acetate (EVA) Hot Melt

Adhesive Applied Initially to Aluminum (Al) Mesh.

[0063]

Adhesive: Evans Adhesive Co. #07148 Melt-

ing Point 200*+/-50'' F (93»V-1 0*C)

Application Temperature: 340*-375' F (171 -

Set Time 3 1/2 seconds Open Time 40-50 seconds

A drop of molten adhesive was applied to the back of a

strip of A1 mesh and allowed to cool and set. The mesh

was then placed over the end of the silver (Ag) trace

prepared from a water based coating. A harrow strip of

Scotch™ brand tape was then placed over the assembly

to prevent sticking during heating. A medium heat Iron

wasthen applied for 2-3 sec. and the assembly was then

cooled. A strong bond was obtained and the resistance

was 2-5 ohms.

Example 2 EVA Hot Melt Adhesive Applied Directly to

Silver (Ag) Trace

[0084]

5

Adhesive: Evans Adhesive Co #07148

Melting Point 200*+/-50' F (93''+/-10'*C)

Application Temperature: 340*-375'' F (171 -

190*C)

TO Set Time 3 1/2 seconds

Open Time 40-50 seconds

This experiment differs from Example 1 in that in the

former, adhesive was initially applied to the Al mesh
15 and cooled prior to assembly, in this example, a spot of

EVA was deposited at the end of a narrow strip of a con-

ducting silver trace and allowed to cool and solidify. Al

mesh was then placed over the spotted trace and cov-

ered with a narrow strip of Scotch^" brand tape to pre-

20 vent subsequent sticking to the iron. Hand pressure was

then applied with a medium heat iron and the assembly

allowed to cool. The trace had a resistance of 3-4 ohms

and was strongly adherent.

Examples 1 and 2 demonstrate that strong seals with

25 good conductivity can be produced by either precoating

the conductive printed trace or the conductive lead

(electrode or mesh).

Example 3 Tests of Low Viscosity EVA Adhesive

30

[0065]

Source: Evans Adhesive #07147

Melting Point 200" F (93'»C)

3S Applfcation Temperature 340'-370* F (171 - 1 88'C)

Viscosity 21 00 cps@350°F (1 77»C)

1200 cps@375'^F (190*^0

[0066] This materia! may be melted in a pot and used

40 in dip coating. For simplicity it was tested as follows:

A small chip was cut from a 1 3/4" rod of EVA and laid

over the end of a strip of Ag trace. The Ag trace was

held over the back of an Iron and the polymer melted

rapidly to give a droplet of molten polymer. The spotted

45 trace was then removed from the heat source to allow

the polymer to solidify. Following this it was assembled

with a strip of Al mesh and sealed as before by pressing

with an iron. Results were comparable to previous ex-

periments.

50 An additional adhesive, Evans 007426 which melts at

172'*F (78"C) and has a lower viscosity than #07147

was processed at somewhat lower temperature and

gave comparable results.

8
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Example 4 EMS Corp. Polyamide Adhesive Coating

Applied to Trace Using Stork Screens CP40 and 14H-
300-40.

[0067] 5

Materials: EMS Polyamide slurry 2020-1 30% sol-

ids plastlcized paste. 3100 ops contains

benzene sulfonamide plasticizer and
polyacrylic thickener in water. io

Screens: CP40 40 nrmsh, 505 micron hole, 250 mi-

cron thick, 20cc/sq.m. paste volume de-

livered 14H-300-40 90 cc/sq. m. paste

delivered

IS

Strips of trace were held on a ceramic plate with

Scotch"* brand tape and the screen was placed over

the trace using hand pressure to flatten the screen and
maintain contact. A drop of the polyamide slurry was
then placed on the screen and hand squeezed through 20

the holes The screen was then carefully lifted from the

trace to avoid disturbing the deposited paste. Although

some running occurred a spotted pattern was discerni-

ble even in the case of the thicker 1 4H screen. The trace

was then held on the surface of a medium iron for one 2s

minute to drive off the water and prefuse the coating.

A strip of A1 mesh was placed on top of the coated trace

and covered with Scotch^"* brand tape to avoid sticking.

The composite was then heated with an iron for 2-3 sec.

DuGo^" was spotted at the end for added strength. Re- 30

sistance was 3-5 ohms and was strongly adherent.

Example 5

[00681 10 Pts of a 25% suspension of 2.5 micron 35

graphite particles in water (Dixon Ticonderoga GW425)
was mixed with 2 pts of a linear polyamide powder (Bos-

tik #521 6A, a Nylon copolymer melting at 153 C) and
the slurry was spotted on a printed silver trace. The de-

posited slurry was dried to give a spotted region con- 4a

taining 52.4% graphite and 47.6% polyamide. An alumi-

num mesh lead was then laid over the deposit and heat-

ed under mild pressure to 130-155 C for 5 seconds. A
strong laminate was formed between the printed trace

and aluminum mesh lead and conductivity of the seat 45

was found to be high.

Example 6

[0069] Example 5 was repeated using 10 pts of the so

graphite suspension with 4 pts of the polyamide powder
to give a spotted region with a 35.5/64.50 graphite/

polyamide ratio. Adherence was excellent and resist-

ance was less than 1 ohm. The experiment was repeat-

ed substituting a suspension of carbon black powder ss

Vulcan XC72 (Cabot) in place of the graphite with similar

results. Black Pearls (Cabot) also performed similarly.

Example 7

[0070] Slurries of both a polyester and a polyamide to

which was added the graphitesuspension of Ex.1 were
tested individually and strong bonds and very low resis-

tivity were obtained. The polyamide slurry (EMS Corp.

#2120-1) contained 30% polyamide in suspensfon. The
polyester slurry (EMS Corp #2120-1) had the same
concentration. Ratio of graphite/polymer was 35/65.

Example 8

[0071] Using the polyamide suspension. $2120-1. Ex.

3 was repeated substituting a fine silver powder for

graphite. The weight ratk>s of silver/polyamide em-
ployed were 30/70 and 40/60. The slurry was applied

through a printing screen and dried and fused at 300F
(149"C). The mesh was bonded to the trace as before

and high bond strength was obtained. Resistivity was
low.

Example 9

[0072] A low melting ethylene-vinyl acetate copoly-

mer (Evans Adhesive Co. #07460) melting at 200F
(93'C) with a melt viscosity of 800 cps @ 375F (1 90*C)
was employed as the adhesive binder. The copolymer
was melted and silver powder was added with agitation

to yield a slurry containing a 30% concentration of silver.

The molten slurry was then applied to a printed trace

using a hot melt gun to deliver 1/8 to 1/4- diameter spots

at selected points on the trace. Seals were then made
between the spotted regions and strips of a conducting

aluminum mesh in the manner described before. Strong

adhesion and low resistivity were obtained. Similar re-

sults were obtained with a 40% concentration of silver

powder.

CiP INFORMATION

Example 4 Use of Duco™ Cementas the Sole Adhesive

[0073J Duco™ Cement is an over-the-counter adhe-
sive manufactured by DuPont. The composition Is not

identified but is very likely a cellulosic derivative dis-

solved in a volatile ketone-ester solvent, which evapo-

rates very quickly to yield a clear solid adhesive polymer.

A strip of.AI mesh was laid on top of the end of a strip

of Ag trace and a spot of Duco was applied to the back
of the mesh. The A1 was pressed down on to the Ag
trace insuring that there was intimate contact estab-

lished between the two. Pressing was done with a spat-

ula which had been precoated wrth a thin layer of Teflon

grease to prevent sticking. The A1 mesh was held in

electrical contact with the trace during the time that the

adhesive was still mobile. Because of the solvent sen-

sitivity of the Ag trace, the bond was not disturbed until

the solvent had completely evaporated, strength and



17 EP 0 894 509 A2 18

conductivity were high.

Claims

1 . A method of mechanically connecting an electrically

conductive lead to an electrically conductive printed

trace which mechanical connection results in elec-

tronic interconnection between the conductive lead

and conductive printed trace comprising the steps

(a) depositing a thermoplastic polymer be-

tween the printed trace and the lead.

(b) applying heat and pressure to the thermo-

plastic polymer to melt the thermoplastic

polymering it to adhere to the lead and the print-

ed trace, while concurrently bringing the trace

and lead into direct electrical contact, and

(c) cooling the thermoplastic polymer to place

the lead and the printed trace in electrical com-

municatfon.

2. The method of Claim 1 wherein the thermoplastic

polymer is selected from the group consisting of

potyamides, polyesters, ethylene vinyl acetate,

acrylics, cellulosics, and mixtures thereof.

3. The method of Claim 2 wherein the conductive lead

is selected from the group consisting of metal mesh,

wire, woven wire and mixtures thereof.

4. The method of Claim 1 wherein step (a) further in-

cludes the sub-steps of:

heating the deposited thermoplastic polymer, to

first melt the thermoplastic polymer on to the

lead,

cooling the thermoplastic polymer, and

then placing the thermoplastic polymer be-

tween the lead and the printed trace.

5. The method of Claim 1 wherein step (a) further in-

cludes the sub-steps of:

heating the deposited thermoplastic polymer to

first melt the thermoplastic polymer on to the

printed trace,

cooling the thermoplastic polymer, and

placing the thermoplastic polymer between the

lead and the printed trace.

6. The method according to any of the preceding

claims wherein the thermoplastic polymer is com-

bined with one or more conductive fillers.

7. The method of Claim 6 wherein the one or more

conductive fillers are selected from vanadium, plat-

inum, palladium, chromium, magnesium, nickel,

carbon black, graphite, aluminum, titaniurri, silver,

copper, conductive organic polymers and mixtures

thereof.

5

8. An iontophoretic device having an electrically con-

ductive lead electrically connected to an electrically

conductive printed trace comprising:

10 (a) a current distributing member having an

electrically conductive lead mechanically con-

nected to an electrically conductive printed

trace, through a thermoplastic polymer bond,

which results in electronic interconnection be-

ts tween the conductive lead and conductive

printed trace;

(b) an ionized substance reservoir containing'

an ionized or ionizable substance, in electrical

communication with current distributing mem-

20 ber and adapted to be placed in ionic commu-

nication with an epithelial surface; and

(c) an electrolyte reservoir containing an elec-

' trolyte, in electrical communication with an in-

different electrode and in ionic communication

2S with an epithelial surface;

(d) an electrical power source in current deliv-

ering connection with the current distribution

member and the electrolyte reservoir.

30 9. The device o1 Claim 8 wherein the thermoplastic

bond is formed from a mixture of thermoplastic pol-

ymer and one or more conductive fillers.

10. The device of Claim 9 wherein the one or more con-

35 ductive fillers are selected from vanadium, plati-

num, palladium, chromium, magnesium, nickel, car-

bon black, graphite, aluminum, titanium, silver, cop-

per, conductive organic polymers and mixtures

thereof.

40

45
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